rDNA from Drosophila melanogaster is composed of tandem repeating units that occur in two distinct structures (1-4). One type, having a gene region that codes for precursor rRNA and a nontranscribed spacer, is analogous to the rDNA structure in Xenopus (5); the second type contains a DNA region within the 28S gene sequence that interrupts this gene. This DNA sequence has been named "the ribosomal insertion" (1-4). The occurrence of this insertion raised several questions regarding functional implications for the genes that contain it and the origin of the insertion sequence in evolution. We have asked whether insertion sequences are limited to the ribosomal cluster or whether homologous sequences occur elsewhere in the Drosophila genome. We report here evidence for the existence of such "non-rDNA insertion DNA"* components.
genome or about 400 kbases of DNA per haploid complement.
rDNA from Drosophila melanogaster is composed of tandem repeating units that occur in two distinct structures (1) (2) (3) (4) . One type, having a gene region that codes for precursor rRNA and a nontranscribed spacer, is analogous to the rDNA structure in Xenopus (5) ; the second type contains a DNA region within the 28S gene sequence that interrupts this gene. This DNA sequence has been named "the ribosomal insertion" (1) (2) (3) (4) . The occurrence of this insertion raised several questions regarding functional implications for the genes that contain it and the origin of the insertion sequence in evolution. We have asked whether insertion sequences are limited to the ribosomal cluster or whether homologous sequences occur elsewhere in the Drosophila genome. We report here evidence for the existence of such "non-rDNA insertion DNA"* components.
MATERIALS AND METHODS
All experiments with recombinant DNA followed the NIH guidelines. Recombinant plasmids from Drosophila were classified as having low potential risk and were used under EK1-P2 conditions.
Cloning of Drosophila rDNA. EcoRI fragments of rDNA purified from embryos (3) were attached to the vector pMB9 (6) by methods described previously (5, 7) . Tetracycline-resistant colonies were screened for rDNA content by a modification of the method of Grunstein and Hogness (8) . The preparation of plasmid DNA has been described (5) . The rDNA fragments were isolated from EcoRI digests of the plasmids by gel electrophoresis or sucrose gradient centrifugation. In this work, one plasmid, pDmra56, was used; its structure is shown in Fig. 1 (10) . 125I-Labeled rRNA was obtained as described (3) .
Restriction Analysis and Gel Electrophoresis. The restriction endonucleases were obtained and used as described (5, 11, 12) . Electrophoresis in 0.8 or 1% agarose gels was carried out as described (5) . DNA fragments were transferred from gels to membrane filters by the method of Southern (13) . Hybridization in formamide was carried out as described (10) . Molecular weights of fragments were estimated by comparison to HindIII fragments of bacteriophage X DNA (14) . DNA fragments were eluted from gel slices by homogenization in buffer and phenol and were labeled by the "nick translation" method (15) (1, 3) . To obtain fragments of pure insertion sequences, we mapped the cleavage sites of several restriction endonucleases in pDmra56 (Fig. 1) . We used the Sma I D fragment, which represents the "left" half of the insertion, and the BamHI fragment, which contains 0.9 kilobase from the "right" half of the insertion. These fragments do not crosshybridize, showing that the insertion is not entirely composed of subrepeats. A more detailed analysis of sequence arrangement in the insertion will be presented elsewhere (16) .
Separation of rDNA from Non-rDNA Molecules Homologous to the Ribosomal Insertion. Drosophila rDNA is not a density satellite in CsCl gradients but can be resolved partially from main band DNA in gradients containing mercury ions or * Sequences homologous to the ribosomal insertion are named "insertion sequences" in a purely operational sense, because we detect them by way of this homology. Whether such sequences outside the rDNA cluster are inserted into genes is not known, and no function is implied by this nomenclature. DNA molecules not carrying ribosomal genes but containing homologies to the insertion are named "non-rDNA insertion DNA." 4233 The costs of publication of this article were defrayed in part by the payment of page charges. This article must therefore be hereby marked "advertisement" in accordance with 18 Gradients like those in Fig. 2 were run with the BamHI fragment added as a marker for the position of insertion sequences. The results were similar to those with the Sma I and HindII fragments. Non-rDNA insertion DNA could also be resolved from rDNA in gradients containing mercury and Cs2SO4 (16) .
Experiments similar to those shown in Fig. 2 were also carried out with DNA from pupae and adult flies. The results were entirely analogous to those obtained with embryo DNA. Restriction Endonuclease Analysis of Non-rDNA Insertions. Gradients of the type shown in Fig. 2 16 ). In addition, the same restriction patterns were obtained independently of the method used for the purification of non-rDNA insertion DNAs (see legend, Fig. 3 ). -h) . Lanes e and f were run separately from lanes g and h, and the relationship is indicated. Hybridization was with 125I-labeled rRNA (a and h), 32P-labeled Sma I D fragment (b, c, and e-g), and 32P-labeled BamHI fragment (d). We used total embryo DNA (a and h) or non-rDNA insertion DNA from embryos (b, d, e, and g) and pupae (c and f). All samples were purified by using the Hoeschst dye.
BamHI insertion probe; lanes h through I were hybridized with the Sma I D probe (see Fig. 1 ). Again, no differences can be seen in the restriction patterns of embryo, pupal, or adult non-rDNA insertion DNA. Further, it is apparent that a similar restriction pattern is obtained, especially above a size of about 3 kbases, with either the Bam or the Sma insertion probe. This suggests that the sequences represented in the Sma I D and BamHI fragments are linked to each other in non-rDNA insertion DNA. As mentioned earlier, the Sma I D and the BamHI fragments do not crosshybridize. This fact can be seen in Fig. 4 in that the 0.9-kbase BamHI fragment hybridizes with itself (lanes b through g), whereas the Sma I fragment does not hybridize in this region of the gel (lanes h through 1) . Fig. 5 shows some of the results obtained with the restriction endonuclease HindIll and EcoRI. The same conclusions were reached as with Sma I and BamHI. The fragments produced by rDNA (lanes a and h) were different from the fragments derived from non-rDNA insertion DNA (lanes b through g). Many fragments arose from the latter DNA. The patterns are similar with DNA of embryos and pupae (lanes b and c and lanes e and f) and of adults (not shown) and are independent of purification method.
The banding patterns obtained from non-rDNA insertion DNA with four restriction endonucleases (Figs. 3-5 Furthermore, the same DNA preparations that were used for restriction analysis were also subjected to gel electrophoresis without endonuclease digestion: in those gels, all the DNA and all insertion sequences traveled as a broad band at the exclusion limit of the gel.
A few gradient and gel electrophoresis experiments were done with DNA from third-instar larvae and cultured cells (Schneider cell line 3). Non-rDNA insertion DNA was present in these samples and the restriction patterns after digestion with BamHI were not distinguishable from those shown in Fig. 4 .
DISCUSSION
Our experiments show that the Drosophila genome contains a similar cet of sequence elements in the ribosomal locus and in other locations. This sequence is redundant both within and outside the ribosomal locus (see below). In the rDNA the insertion sequence interrupts the gene region for 28S rRNA (1) (2) (3) (4) (1) , and thus it was implied that the insertion sequences were responsible for the hybridization with extranucleolar sites. Our results support this implication.
The Quantity of Non-rDNA Insertion DNA. There is about as much hybridization of insertion sequences with the rDNA as with non-rDNA components (Fig. 2) . The exact ratio varied somewhat, presumably due to technical reasons. However, the average of more than 30 gradients suggests that the amount of insertion sequences in rDNA is about equal to that elsewhere. From this estimate we can calculate the amount of non-rDNA insertion sequences in the genome because we know the number of rDNA repeats and the proportion and size distribution of rDNA insertions (3 (Fig. 2) . The simplest interpretation is that the non-rDNA insertions are linked to . DNAs of different (lower) G + C content. The possibility that non-rDNA insertions themselves have a nucleotide composition substantially different from that of rDNA insertions is unlikely because hybrids between non-rDNA insertion and the Sma I D fragment are as stable as hybrids between this fragment and its parent rDNA insertion, Dmra56 (16) . Furthermore, shearing of Drosophila DNA before gradient centrifugation shifts much of the non-rDNA insertion sequences to the buoyant position of pure insertion (16) . Thus, we conclude that non-rDNA insertion sequences are linked to DNAs of different composition. The nature of this DNA is not known.
The size of the sequence blocks in non-rDNA insertion DNA is not known. The comigration of sequences homologous to the Sma I D and the BamHI fragments in gels and gradients suggests that much of the non-rDNA insertions might occur in blocks close to 5 kbases, similar to ribosomal insertions. (1977) Biological Implications of Insertion Sequences. If the non-rDNA insertion sequences are mostly not transcribed themselves and linked to nontranscribed DNA, then these sequences might be of a satellite nature. Some of these sequences might have been introduced into the ribosomal locus by an "evolutionary accident." If, however, some non-rDNA insertions are transcribed or linked to transcribed DNA, they might possibly have regulatory functions.
Although present data show no differences in the arrangement of insertion sequences in four stages of development and in cultured cells, we cannot conclude that there are no rearrangements at all of such sequences during the Drosophila life cycle because minor changes would not have been detected in the highly complex restriction patterns. Whether the family of sequences homologous to the ribosomal insertion in Drosophila is similar in any of its biological properties to bacterial IS sequences (18, 19) is not known.
